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[ m^m 2 ] mimmm^t-^'^^wx^ sled 

i'-yr<7)^^X^'? h/PC0±t-:7*U 0 0 nm*»4> 5 

WL'S;t^-byx«3t**^'(REi-,Sm,)3 (Al,Ga 

f->yrcOlfeteX^^ h;UO±tf-:J'*U 0 0 nm*>4> 5 
3 0 n m|*ic7)^3ld«[:a$-* t , S.OHuie7 :f hfUS. ^^-tr 

yx^3tftc7)±^7tiSS*^'Buie L E D f - 7 r<7)±b-- ^ 
[11*3153 v-^yh • U-HcO;^7ri*itclEg$-if- 

fzhEDi--yrt. MLEDf-7rt^att7-^^-Sr 

ym¥s. LEDf-7 7-. ^mtty-f-v-si/v^yh • 

y - K i: y-f- ■ y - K<7)iJ'->^< ^ i, -gPSrlS^li-f 
0. *^Ofiia3-ir>fy^^g|5«*s (REi.,Sm,) 

3 (Ai,Gai.,) 5O12 •.ce'mm^^t^mtm 

«3X(±it*« 5 iEtg0^3t^^ ^- F , 
(Yi.p.,.,GdpCe,Sm,) 3 ( A 1 i-gGa^ ) 5012 
it/vft, OSp^O. 8 

0. 003gqg0. 2 

0. 0003grg0. 08 {fztzL. P + q+rg 
1) 

O^s^l 



[ imm 7 ] if 5}<js 5 im(o^^r^ ^- f ^ f y 

mmizmm-^tmmmmt. i^thLEDw^m 

s. 

[000 1] 

y'jy-^^£^^zmmtihm:y^ ^- Fcf^ 

i^O, !^t::^3tS^t'^)l>LEDf-77><^cO^Sr^^ 

mLx^^-thyif\'}\'^^-^yx'mm^ML^m 
wk\,zx^rm.m. mmts:%^mxhh^^if 
m^^m^^wty^ Y-m^ixm\^tzmmmz 

[0002] 

tz. ^m{¥m^Xhi>tz^mmii^j:m>^Mi:i-ts:\^. IB 

Ttr-f^-FkLTRGB Wfe) =5ri:(7)^3t 

^- F^^'^^l-eilgi^StlTt . ;tltC#URGBO 
HJSfeS:*iJfflUcLEDT>f^rV^*^'=t€:'j, 

[0003] mty^ ^- F{i«ffl$ill.^3^1c7)iti^ 

*i!^rt4. m'm^^j:Ei>zx->xmwhmtxM^<^ 
mm.^^mi!,^^^^ttHmx'hh, ttz. mt^ 

[0004] L*-L.^*^'^., ^yti^'^^-vimtitzs^ 
m^-:^i&m^i-&timz&^mz/tm^j:i:t^ 

■^^fzl^l>Zii. RGB^i:*i^nril^«-LEDf-7r 

^^timi5.mix^^^^ifhMM-&$itimm 

^^^m^m.bLXit^mh^i}K 
^<7)^i^^^-^h^l,zi3\<^Xi>^F^. Hfei^&r/ 

c^fBK/^jj--F^'?-n'fii<$ffl-ti-§'l.^^#^v\ LE 
^#:||?feS^-C$>I.LEDf-77-*i 

E D ^ 7 Tcoigiim:^ ^ i: I? ffl^ (cmM^m-t 

wix&^^i^^^wftni^j:i^^j:\\ mrniz. ^ 
mi^m,m=FX'h i. tzubm^ <o^mm(r>^'mm^it 
tmts:^. -fetra*^s^^-fbL-TU^^, ^i^t^, led 

[0 00 51 2|stliiaA{i5feKLED^7r^^ 
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^5-1 5 26 0 9-f^i^l8, !t#^¥7-9 9 34 5-f^ 

[0006] :a#:fl<JtC{±, ^^Ox;t^;l/3f-ys> 
A- y rifi^t V^L E D ^ «y r S: - H 7 
ig(t V r±=5r t't^ieffl-f S . L E D 7 rii . 

t^K^tmmnzmm^h, -eL-c. led^-/7' 

:00 07] LED^-y7>ii><0^3t^&;S^mL/::^ 

ifiX'^h, 
[0008] 

[00 09] LA»t^*^'^>. jS:g<^;SV->t£7)A>(^MV^l$ 

^t^mthm^. ^immtmi^xM<mMizmp 

i/i, LEDf-<y7°i§)at:j£tgL-CES§ii^c« 

SMi03^m:$'^)$iii.. mz. ^mi-X'hiLE 
D^'yr^ax^^;w:^'-A'y H=jf> -yr^^-ri.^^* 

rzm^izt5\^xii. LEDi-yri)-(>^^itim-ssm 
mnz$>it \>y'yxi>t/tx^^)\^^-tf^'^mi>zm< ^ 

z<7>^. %mmm^zmih^mi>zhfz'oxmm 

t feii*i-f ai> .J) 1. 1/ Mmm^tim-f^^mm o 

aJL^$*«ffiT-tSil^J)«.. ISI^lLED^-yT-O 
j&mizmi- (^tltzmmii . L E D ^ >y 7-^#?fl^5'l-g|5 
W^t^(>cr)tvm:b-M-&Zh^h^til. $4>ic. 
jT- K{4. -«lWtw^liM^-;U Hi;|g[M$^i.-C{4V^ 

t'^mimizm Ltzm^^-^i^zma-i z t nx-^ 



[00 10] 

immmm-thfz>if^<om] ^mmcomimim 

LEDf-^rt. ,IC0LEDf-.y7> 
{4. S^bife^^t^iHj^llftt'. 7:rh;U54^Hry;^^3t 

[0 0 1 1 ] ^fC. *^B«COff5l<3a3iO^?te:^'^^-h' 
{4. LED^vr&M'ftXf'J'^A^-fL-^^^f^hL. 
7^-h/l/5^r^-feyx^3lS#:^, (RE,.,Sm,)3 (A 

lyGai-y) 5O12 : Ce^^flcfri.^ /i/iL. 0^ 
x<l, O^y^K RE{4. Y, Gdt^i^M^^ti^ 
'J>^^j:<tij-mxhh. 

[0012]$ (.iztfz. :^mmm^2bmm 
4 iz^mth^^y-^ H{4, mMMt-^wmw 

t'^)l)LED^-yrc7)^f|7fe^'<^ V}V(r)iX-^i)^A 0 
0nm**^530nm|^<7)|HBt&;^$r^rL. 1.07t h 
^-fey;<.«5tf<c(7)±|BKjSft**LE >y7-co±tr 

[ 0 0 1 3 ] *^BflcOfl^^5c7)^3t^M ^- F 
(4, V'^yh • 'j-Hc73;{?-yrrt(wieM§-ti-/::LEDf- 
•yrt. |gLEDf-'y7'i:^«tt7^-V-^fflV^-(:l^ 

mi^fz^-^^yfW^b . iin-x-f y/OT, L 

EDf--y7\ iSmtt^-^-V-aVv^yh • 'J-Fh-^ 

^yiJ-'SCWc, (REi.^Sm,) 3 (A lyGai.,) 5O 

0gx<K O^y^l, RE{4, Y. Gd*»4>S#?$ 
ia.h'yti:<b\,-mX'tbh. 

[0014]$ (y\,z, im^mmmbKztim'^hmt 

y^ ^- K{4. I«fe7 ^V)V^ yx'miWi . d:<7) 
m^<Dijff)bth. 

(Y,-p.,.rGdpCe,Smt) 3 (A 1 i-sGas) 5O12 
tzfzl. Ogp^O. 8 
0. 003gqg0. 2 

0. 0003grg0. 08 {fztzL. P + q + r 

SI) 

OSsSl 

[ 0 0 1 5 ] ^-^c, it*3i7ietKoa^siiia{4, mum 
mm 5 i,zimtim^y^ ^- f 5: v h u -y ^x^^tse 
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[00 16] 

1 . L E D ^ «y r(mmii}^m^<omiznix^ 

mm 3 0 ^> 4 0 fS(: i mmmmz t +^ 

^^itx'^mx <mtth z t , 

5. mmmth^^^mmm^i>i^<DM^itx'mi, 
mz%^ihtLi::t, 

6 . ^^r-t ]«7)mmmmizmtxmm^ht:. 
[0018] ztii^<7)mimrzti>(Dt ix^mm 

izmi^x^^ju^-mmm<oi&mx^mzm 

^mzB:<-w:ix\<^i, tfz. -^'j^Axm^tLfz 

[0019] :R*W=3r^/-f ^- H<7)-fi?iJ$rll 1 ICS^ 
$4>l:, f--y7'^^rLEDC0C0|Brffill&S2tCS^ 



•f. ^•xr^'-frLEDiDM<!|s2 04l*I(Cg'(l:;*''J'>A 
**««s^fflV^^cLED^ yr2 0 2 2:X*f=^fi^ffljii^ 
if^ffll^-Cll^^it-C&l.. ^mttV>fA'-2 0 3i:U 
■C^*S5rLED^-y7'2 0 2c7)#^|gtM<!|5tCig(t^>n 

^-^#€^2 Q5t^z^fi^'tim.%mzim^^xhh. 

(REi-.Sin,) 3 (A lyGai-y) 5O12 : Ce^T^ft 
SrXjK ^ v-^li+tcM^^tX^ -Iti^v: i cO$: L E D ^ -y 

-)VYm^2oibLxi^-'i,zmim^^^i>. z(r>x 

o^£m:y^:^-Y\,z%-)]i:m^^h:ib\.zk'^X\. 
ED^yr2 0 2i^it^^h, LEDf-yr2 0 2*» 
ty<7ym:t. ^m^\izX->xmi&^firzyirV)V^^ 

^yxm.m^(y<r>^%±b<nmnzi. 0 efe^^i:** 

[0020] ( m^m ) m^mm^y^ h t^ffl 

y;^«3tf*:i: LT , -Ir 'J A-C-#vS$n/:!'f -y h U 

[002 1 ] if■mmm^zio\■^x^ -y hu^yj^- r;u5- 

>y b>;»>A<7)-a5SiSV^{±^*^, Lu, Sc. 
La, GdmSmi}>^^j:imi}^ii>Mittilc!''^j:<bi» 

i-:>(7)7imi,zmmi. hiui. rji^s.-^j^co-^h 
i^^ii^i^i. Gab I n<Dntit^ttzimijX'mm-t 
mm^^tsm^^MM^zmm-t^. 

[0022]5l(3pt<{4, (REi.,Sm,)3 (Aly 

Ga,.,) 5O12 : Ce (fIL, 0gx<l. O^y^ 
K RE{±. Y. Gd*^(bSJK$fil.^^=Sr< ti-S) 

t'S)-!., mit^'v^j^mt-^m^mmm^fzLEDi- 

vrt-^t^miLtzftb . ^^T^-t'y-m^X'hh 7 

LED^vr>6^<^(7)^^i:, 7^ b;l/5:t^-fey 

5KfeaS^Srff 0 ; b ifiXt h . -?-<^^ci6l65fe:/^ ^- K 
i^hgUtcti. LED^>yr*>4>c0^3ti:7* h;US^^-by 

^ 'J y^-mtlii OJgJS§-tt7t:^?tf*i^l=2ri:CLE 
Df-'yTS-^tii^, 7tY)V^^-^y:^mim^ZL 

ETi^-yrt-C:>ff)±ifmm-hmumiw^L2m. 

yN-.y ^ y y^S;$:fc't J; 3-r 
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[0 0 2 3] $<^>tc. 7:rhyw5^>-fe:^;?.m3K«s<^-^* 

-/U K aWcOaffiilA^ L E D -f- -y m o T 7 * h 

5rWJL^-n\ ffi:^. 7:1- h;i^$^^-fey;i^3t«sco^ 

iT^'-^Sr L E Df- -y 7°*^<^ t-yU HSPW^ffiffllll^A^-^ 

Oii'-'2r< 7 1 h/V^^^^^yx-M^m^^itimi 
tlZbfi^T^h. ^coXo^j:. 7thJU5.^^-tyx^ 
m^comii, 7 1 h)\^S.:^^-tyxm^m-irttl& 

m^m.. f&^'^y^hju^^-tyxm^mm 

.^Jt^Jgt LT ( E e ) = 3 W • c m-^JiLh 1 OW ■ c 

m'^\::Xfi.zii\^xhm}mz-\-^^M%m^L. mx 
[0 0 2 5] :mW'R^zm\^hix^y^h)V^^-^yx 

Onmiimz^-^lZbti^X^l. ttz. I^t'-^t 
m4f,Z^tXolZ^ 580nm#j£t:«fei5 7 00nint 

[0 0 2 6] tfz. *iil&aflc7)7 5 ^•'■tyxm^ 
mi. ^^g'PiZGd (:^']<0-^J^) ^-^^thZbiz 

i; 0 . 4 6 0 nm&±(7)^^^mmm^m]min< 

Gdtfimm^bmz. ^mzxty*hj\^^^-^y 
xa)^ymmimTi-m\^izhi , 

[0027] . 'y h«3t^^o7t!^ y h 'J 



A 1 <r)-u ^ G a T-smt I) ^ i: x%m.mwA^m 

tcx7h-ri), ffifiStcOYO-gB^Gdt-SmtS 

; b x\ ^m^ti^^f&mi,z>y ■& . 

[ 0 0 2 8 ] A 1 2:G aizWm^-tim^. ^Wl^b 
^^^^^^^IXA 1 : Ga = 6 : 4*>^>1 : 1^0^ 

(Dim^z^^tizbmtL\^\ mmiz. yco-^^ 

GdX-WWitlZbltY : G(i = 9 : : 9ff)^ 

m(omi,z^^-ti zbmt l < . 4 : i 2 : 3 

h, ttz. Gd^<7)S«s*f6Sijw±-c(4, if^?t-mm 
x.h{>n(rtmm^mz^T'rhm^zibi. nf.z. l 

E D ^ 'y rc^^^^^l^Zi. I *M -y h 'J A • T/P S :^ 
■ ff-^--y Ym.%W<r>mLcnP^Y : Gd=4 : 1 

i}-h2 : 3<D^mbthzb>.zi.^inm<^^ 'vv^)^ 
wsm^zmoxm^ x B^^t^^mi^mwty^ ^ 

-YbthZbt^X^h. ^fc, Y : Gd = 2 : 3cfc'9 
^< 1 : AXUmmm<ti:hi:,cr)cr)9M-^ifi%%'^^ 
^j:Wty^:^-Yb-rhZbifiX'th, tti. Ce<0-i- 

ii. 0. 0 0 3*»'^0. 2^^^^t^zb^z 

J: OfflMi^^feSW^A^'T 0%a±.b ^1. o ( ^fc, fflM^ 
TfeHigJi. q = 0. 0 3cr)'^yti^<mm&i 1 0 0% 

bitzm^izm^^m^xhi,. ) o. oo3*js 

Xii. CeiiZi:ly^hfV^^^-^yx<om}^^'¥'t^(^ 

mm^j'^-ti i b x-mmm&r L.mt,z. o . 2 i: o 
^<^j:^bmmnytt^±-f6. am^nytbii. 
(^mmim^^fzi!bimticr>mm^mMix^-^<b. $> 
^&mmi;i±<7)mmx'itm:^mi}^mT'rh zb^\^ 
0. ) 

[0029] *WJc7)7* h;l-5^^-feyxm^#:(4. 

z<7)Xd izm^^^itti z b xm^^mmmzm^ 

-ri.;i:*^^fg-Cj>^. tt:, 2 54nm^3 6 5nm 

^j:b'(^ngimx\mbA.b'mm^ivr4 5 0 nmim 

^ i: toWfe^ L E D ^ -y rt^ (^coytizXh mB^mm 

i\ Ltzt^-^x. ^i&mm^mti^GdcDm&itx'mm 
m^z^i i^tii>^^b'm<m^wmm^yt^Q'^ 
^i>z^mtitzit><r>mm^f^i:mtx\^h , 
[00 30] ^i{±, :^mwmzm^^hti:^ythJi-$. 
^^■^^yxmiti^c^m^b^m^io-mi^t, 

m^mi. 46 0nm(rmmiX'B}Bixmmi 
xhh. ttz. mmbmmi. nnmx^Lxh^. ) 

[003 11 

[^11 
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o u m 




W & 

Y 


ENG 


X 


y 


Y3Al80u:Ce 


0.41 


0.S6 


100 


100 


Yi (AU.fiGae.A) aOii : Ce 


0.32 


0.56 


61 


63 


Ys (A Ift.eGaB.s) sOie : Ce 


0.29 


0.54 


65 


fi7 




0.45 


O.SS 




108 


(YB.eGdBM) sAif^OiscCe 


0.47 


0.52 


102 


113 


(YB.4GdB.6) 3A I5O18 : Ce 


0.49 


O.SI 


97 


118 


(Ya.aGdB.s) aA i(Oi2 : Ce 


0.50 


0- 50 


72 


86 



[00 3 2] ^Tt:. mit:^V^2^1k^mm\-^tzLE 

a-'^A • ^-:^^'y ( yag) i,z^±mjtm<7) 

[0 0 3 3] Z<^Xo^j:yith)V^:^-byxmM!^li. 
Y. Gd. Ce. Sm. A I &t/G aCOJII^t LT^-fk 

Y, Gd. Ce, sm<D^±mimHt^s.mtx'mi,z 
mm imm^mtcm vti t cot:mix'i% hti 

hmmimt. m^triv^-^i.. mt:^'')^j^t^ 
Lxm.-^im^%i. . ; ixt: 7 ^ -7 X t LT 7 <y 

S^4'13 5 0~14 5 0' C<7)?aStifflT'2~5 
B#raM^ LXm^ff^m. d:i.zm.^ut:y\^^X^^-)V 5 

;n.t. gfe?f, "am. m^. mhzmmztx'%h 

:itifX'%h, 

[0034] Sm^^^-Th (Y,.p.,.tGdpCe<,S 
m,)3Al50i2^7^f*:{i, Gd<^^^M.<r>mM^zmh 

■it^zt^z^'O. ftlfl^(:t5{tl.7^ hyPS^^-fey;^^ 

m(o^mmii±mzi&m-^iii. ^co^SLm^nm 
ib. Gd^mmixyth)i'i^--^yy^m^i^cr>%^ 

1 /L-M Jfc' S mcr,tmzX^im.n^ 
iSl.mi,Zi^W:mX'h^Zbi}^'!i^i3''^rz, (^fc. ZZX'CT) 

mm^t {i. 4 5 0 n mm^^izx (25° 
c) izmfmrnmrnmizmi. nn^i^^mw^ 
( 2 0 0- c ) izm^mtm^<r)mMm (%) x-at 
t:v^l.. ) 

[00351 SmO-^qg-fiiiO. OOOS^rgO. 0 

8c7)ieHT«#tt*^'6 0%UiLhi:^Oi!f^LV\ Zco 

iZi&TlXKl. 0. OOOT^r^O. 0 2c^lEffl'C' 



[0036] *Si^BjOi^pt;/'f ^- FtCiiV^T^^J: 
3 ^:7 ^- h ;U 5 ^^-k y X^^tftJS . 2 imm±(0 ( R E 
i-jSm, ) 3 (A lyGai-y) 5O12 : Ce7:t hyPS^- 

■fe>'X«3t*^^I^$^i■TiJ;v\ ak G 

a, Y&t;'Gd^Smi7)-^^ft*ip^r^2S^liLhO 
(REi-,Sm, ) 3 (A lyGai-y) 5O12 : Ce7^h 

fi^i^-tyxmm^^M-^^^xRGBco^^mm 

"^tZbt^X'^h. Mz. il'y-y 

zt\z)^'oy)Vi]v-m.i^mmmit\.xmm% 

[0037] (LED^-yri02, 202, 702) 

LED^'vrit. miiZTT^-fXo^Z^ ^-;l^FgBWlO 

4 (camstLi. i b tmt L\\ mmm<nwt^'4 ^ 

- H V ^ <bixl) L E D f - 7 7°i: ti , -fe 'J A-C'#vS$ 

zx. mimmt^m^^mi^ niGajA u 

N, fit, O^i, O^j, O^k, i+j+k=l) 
b iXii. I n G a N^^m^m^ }^~r^tVfzG a 

Df-y7°{±, MOCVDJS^tCiO^^itCl nGaN 

LXii. M I S^-^. P I NS-^^PN^^rfc'Sr^t-t 
'\rn*iJiftSv^{ir7';UA.TOffifig<7)t 

miM'f-^m^^-rmmzm^^itfz^-&=F^p 

m^mzii\.^Xlt. LED^'yrcDvSltlS: I nGaN 

m-&.^^Fmmti-izbi,z^'o. y^hm^^^ 
yxn^ii:(r>'^^tti^^^<. x'omm&iz^-tm^y 
>(t-vb Lxmmt^ ztifiX'ti,. 
[0038] u ^i^Mt^'^^MWiimm Ltzm 

¥zif*awc(±-r7r'f-^, X\^A^)V. SiC, S 
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bmtU\ ZCD^yr^^m^±^ZGaN. AIN 
MK-A*yFf$)l)Zn. Mg. Be. Ca. Sr. B 

C 0 0 3 9 ] ffM$^i7t^^«s»>xyN-^&;/^ 
y HWaWMMmmt^^^y^^^-izii 'O^i^^ 

ai/\'-i,zmibxm^^:^^^^fy^y (sn) ^mm 

msmzm\yt:m. !^MzX'oX^XJ\-iW\'om 

mcij U •> 2. L E D f - •/ r 

[00401 immi<rmt^A H^wi5v^•cefe^ 

0 0nmia±5 3 0nmW,T*WiL<. 420nmlil 
±4 9OnmJaT*^J:0^^tV^, LED-f «yrfc 7* 

4 5 0 n mI.Xh4 7 5 nmlilTA^'? ^^t^if 

F;l/^03t::S^-f . 4 5 0 nm#ifitce-^'S:1#0^ 
*<LEDf->/r*><^)<7)||3tT'<fe'9. 57 0nm#ifilwt 

^ito3i3t*^ L E D^-x Tti J; -5T!l^$ii^v:7 1 

'i- vr\rJm7LX. m«s^aiaL^v^LEDf--y7'^- 

[004 1] fl.f*:Wt(i:. 7 =r F;U$^^-byxm3tft*^' 

B®^ll=Srg'ft;ft9S'fl:-^a^«ftT-3^ I, L E D ^ -y -r\,z 
Jni.T. 7*h;l'5^^-by;?.«3t{!|s5r^MWtcaSL^r 

t'T-ib.|>LEDf--yr&Efi$-ti-|)« 7:r h/US^^-fey 
Xit7tf*^li^t^V^LED^-yr*>^>0^{±. m^^if* 



^Ztt^X'^l, 

[0 04 2] (^mi±7^-\'-l 0 3. 203)SI«tt 
V-^-\'-1 03. 20 3i:LT(±. LED^-yriO 
2. 2 0 2WSffifcc7)^-5 y^tt. liMWtg^tt. € 

JKtLTtiO. 01cal/(s) (cm2) CC/c 
m) J.Xh>?)>i?i L<. <i'3iliftL<{i0. 5cal/ 
(s) (cm2) CC/cm) liUiTJ)!., t/c. 

ti. *10/zinJJLh, <I>4 5>ummT-C3!)l.. !|ftc, M 

!^J)-h 3 5p.mmif^ mt Cc7)J; o^r^Stt 

^t't. i:^^^-^^yf4y'/mmzX'>xm^i.zm 
[0043] (T-^yh • ';-Ki05) v^yh • 

-F105tLT{i. LED^-y7'l 0 2^i2a$-ti:S 

±%^ifhtV,m\^, tfZ. LED^-y7°^m^iSmL 
-e-^yF • •J'-h'S-LED^«yr<^*jimiii:LT^iJffl 

■ri.J^t:fcv^T(±. +^=5r«mfE^'l4i:;J<"yr^y^^ 

U - H±c7);i7 y rF^tC L E D f - -y 7° SrlSg^ 1. 1 Mz^ 

mt:m^zitm^hi^\t. jfig^tTiES^-fr/^^'j 

±-ti,:itt^X'%h. 

[0 044] LED^-y7°l 0 2i:-s">yF • U-Fl 

li^^SF^I§^:fc>W^ix€.. 7x-^^'^ 
yLEDf--y7"^fc"tJ:0-?'>yF • ')-Vtim^^ 

htMzm%m^zmm^^hrzibi.zt.iA s^-x v . * 

-^ify^-XF. ^RA'y7^S:fflv^l.c:i:*^-e#l.. 

fg3t^^7j--F<^3tfl|ffl^*&fSl±S-frl.^ci6 

izLEDi- •yrmm^iii'^'y yh ■ 'j--¥<Dmm$: 
mm^tL. mmizmmiinrz-\txhB:^\ zcn^ 

-&<^^iia${i. 0. IstLhO. 8SOT*W*t 

i\ i/i. v^yF • y-Fc7)af^fi<):5r«mjS15it UT 
«3 0 0//Q-cmiaT*W^L<. i;'3if*L<{i. 
3//Q-cmJilT'r'$>l., v^yF • 'J-F±lc 
1Sia«7)LED^-y7'5:aSn.J^^{i. LED^-yr*» 
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tlh. mmUi. 0. 01 cal/ (s) (cm2) 
('C/cm)li)±mtl<X'Omt<lt 0. 5c 

al/(s) (cm2) CC/cm) i;XtThl, ^fl 

til. 

[0 04 5] ('fy-f-- y-Hi06) -fy•^- • u 

^titi LED^-/rio2i: im^iif^mm^^ ^ ^- 
1 03 b<r)imimhi><DX'h^, -7^yh ■ y-F± 

m<mm±t<'rh^t^j:i£\,zii'>X'?^yv ■ 
mtLtz4 yi— ■ 'j-¥bmm^^mm\t 

<^mmm(^m^u. mmtt:^^Lx i . e sw±i 

M.cmmmm'm>xnhmB^^^xhi.<. h 
h\^>,i^x(^^ y-f- ■ v-vmi&^'^tzmz-f yi- 

-• 0-V±^<n-^W\hztlzJ:'oxm^^'^X{, 

[0046]-^ yi— ■ H{±. ^mtty-f-^-T'S) 
h\.^^tm>^t>ix-h. mmmmmttxM. 3 

0 0/iQ-cmmT*WJ t<. J:0*f^L<(43;uf2 

- c miar-C'S)!. . Lix(><r)^wmtz-tMmt lx 
\i. m. ^*)m. mx*)mmm. m^:^-^ 

[004 7] (a-f-^y^uioi) ^mmmm^^ 

^iXho-^^y'/^l 0 1 t{4. =t-)VYm^l 0 4 

tm^z-^^yv ■ v-V(0:^"/riz^ifi^tii>i><7)X' 

^^m^^^^ii^tcDXhh. ^-T^yi/^(^m 

y ^ i^mmmzmtifzmmmi^'^m^^j: t'mmi,z^ 

mi'k^^^xi.B:^^ mmm.mtLxii. i-^ 
yiSAu-^A, ig^Lf-^y, mtT)Vi=,^A. mm. 
mmi?nm,z^\^hixh. 

[00481 (t-;l^Kg|5l5fl04)^-;l/Hgl51?tlO 

102, ^mv^-v-1 0 3. 7^ 
m^if%^^iitz:i-T^yym O l '5:i:$:J'l-g|5*^4> 



-^\<z\,mmi:m^^xm^^-^h:itipx'%h, tti. 

-irW§-ti--l.>Ii:l:cl:oTLEDf-'/7'l 0 2*^<^c7)Jilti) 

i:^v:. ^-ii'vmi 0 4mm(ojmKizth^t^zx 
'oXLEDi-'yri)>h<omiimn^-tti o 

^tii^yx^^i:ntz'^hzttin'^ I. m-^x. ^ 
-}]^vmio4immnmifcmm.xhx^\ mm 
^zii. ihuyxm^. m]^yxm^^i:>ui. mmm 

h, ^-)VYmi 0 Affim^mmt t-ca, i.t i 

x:^^^'^mm. jlut^hi, i^v^i-ymmbm 

y. st-ftr/us-'^A, m^timmti^imizm\'^(:>ix 

§4>tc. mm\iziiwiX'e-fU¥m'Pizh7 1 h 
^^-feyx^3t#:^-i?*$-ti-|> C i: t -i. , Iti^^ 
-oX. yyfhf}^s.:^^-tyxn^mi't-jim^'pi<z^ 
^^itXhWM<^^-7'^ y^mtlzt^^'^X 
m-^Xi>X\>\ itz. a-r-f y^S$r7;i- h/US^-fe 

yx'^mt^^^^tifzmm. ^-ji'vmm'F^j:!:^ 
titim^j:mmm\'^xm^^'txi:>B:\\ 

fvvmt^-T- ^ yy^t^mtm^m^^xmini.^ 

^t,zm^Lx\^hi:oi.z^x.h^txhh. nf.z. ai^ 
yxmm:ii=^-)VYm<^Wik>,zi;^'>x\t. m^m^ 

^±^fiX^thZtti^hh. ^cOJ;d=5r«fe<4. SE 

ii^cssai^'jji. Ymi^iBnzm^m\ifm<^ 

LEDf--y7'*>/i>J!ClU$il^3t«0±^3l6}g:^*M 3 0 n 

miiLLxii. ^^Mimxhhm9mm.mmi't-fi' v 
[0049] ( m^mm ) ^- h S: 

LED^^^HtCfllfflt/i^-^. RGB^^n-etl^^^ 
^- Hcoffl^-^i^-tt/ilttiJ; I. L E D^S^SI 

fi!3|t«7)^S*^', 3fli«^3ty^^-h'T'efe^S^-r^C0 
^zntX. *3^B3<^gfi{4 1 ^- KTSfe 
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mix. ^mmizm^.^^hzbti^x^^j:\\ tr^. e 
timzLEDm^(7)mis.'fii}\^'^mi<zx-ox. r 

itt'^m}i^j:hbMz. ^'^ix^^i.zmtx^ . $ 
hkz. Wis^'^'Mt£<x-tmm^hh. iti, ^mm 

10 0 5 0] tfz. :^mm(om^y^ ^-vm^ ^tz 

ti. ^fl^BflcO^T^r^ F 5 0 1 c7);2a$- V h >; 7 ^ 
x^*^i:-(-EBLTV^^, ^(5Diac7)LED«S^|§2rfiix 

mbi^j:^\ mimmmzithr,x . 

[0051] LE D*s^{i. msmx'h?>mm 

tabt %%mz\m^^h. mwmw h <Dnif)^vux 

ztti^x'^h, mmmim6i,z^^i-, mmmmii. a 

!B1S#ST*i5S R AM (Random. Access, 
Memory) 603fc, R AM 6 0 3 (Cieii$fLl.T 

m^mh^\<zmi^^htz>t)mmmnmm-h 
^mumnm oAt. mmmm^b o 4coai:^i^-t 
XM -y^yy^fix. ^^r^^-Y^mi^'^^Y 

7-f>N'-6 0 2i:^«ii.l>, pg|i$iJtJiI@S§6 0 4{i, R 
AUbOSi.Ztm^iXhT-S'ti^hhEDmTB^KTm 

[0 0 5 2] t/i**oT, aUffliOLED^^tsti. R 

tttmz-mm^tx'^^. ^<7)tiib. $iii:RGB<^ 

v^b-th:ib-hK'^hi:,(r>X'hh. tfz. m^co^^ 

fe. Wi^(7)^m\^fzLEDm^^%si,zit^Am(r>s^zn 



[0053] t^mmco^y-t ^- afe^Tfc^" 

^^-H (W) tfCll9c7)ia<, RGBtC-eil-fil^ 
3t-rS^:/'f Jj-- KtCjDt-Cffiffl-tl. C: 1 1 I. . 

m^9 0 0li. LEDa^nf|cO-SI5S:aL9 0 0*<-*g 

mmt'tmf^mzmt^^^i, mmmp(ycoiii:h 
^•^Mzx r>xm^<ommifw^^m^j:T^ ;^ru^ ^ 

liai:|5ltJ:o(::, A^J$ii^«^T-^$— B^Wlcie 
li^-tirl.. ffiMr-:J'-ieii¥S-C^>I.RAM (Ran 
dom. Access, Memory) R AMtlffi 

m^tiiT—ff}^(>^m:y^^-\'m^<Dm&^iz 

L, z<^fmmii. RGBb&^izmtimy 

^7f-¥izw-mco\s\^^'jmb^^. mmmmmii , 

-YffymnmmM-Lx . sm^^hjvvm^i\& 

:^3f ZZX\ efe^c?)^2:1ta«-&{i, RGB# 
[00 54] L/c*^"^t, afe^^r-f^-FSrF^rM 

mmnt vxc p u ^^mmth^itifiut t».\ p^'iiii 

^||fflllalSS*-/^tB:^3$i^l.^^V^x^i■f•{i, ^^W^^^ 

[0055] ( ) :^mmcom^^ ^- f 

s^gao 1 mxhhii^mt Lxmm ttzm-^. mrs 

^^LX^yt^ith:ibmmX'$>i>tmz^^i$^^ ^ 
- F co-mm^l L T 1> feO ^ t ^ ^ ^ i: V ^ ^ ^f 
m%i>. *^^sj^OfBt:/^^-F^fflV^;tfi^lg^O 

A ]'t:m.nximm^zmm^tifzm:rA ^- f 

c^IslS&S:^3fer'f ?r- Fl¥i: LXiRo, ^^'^ ^- F 
ifS: 2-:>a±m^^^ti^'tiim^mzm:^A ^- F$: 

Effi§-»i-i>. ^■cc7)^3\f^-^^-F*^"isa$iii)tn« 
i^zm^zim^ix^ , ^- Fsi^'s^^^'i^'h 

nmm^'tfz^k. Wimmm^mc^mmizm^^^i. 

L E D^^f^utt, ^i&yt^mm^^-^zTJi^yA F 
comi^f^izmm § ii^at 'j 3 - y a'Aio^ESff fit 

I.. LEDm7^:mmmm^^t. 
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^m\zmm:^< ux-mmzmk^< tcoiBriiw 

1j(r>mt^^ if- HH^So ysil^/'f it- Hie J: Oil 

■Chi. tfz. •fem^wi.cti.^v^, m^mz 
nmixhizt i}^(^^'L^^mizum-t i:Lt *>T'# 

[00 56] ( s^^^^i® ) *ii%Bflco^7tr ^ ^- 

tStCicaS^- h 7 0 6tim^li=Sri: ^■ti:^'- h^7 0 1 

mmmi 0 3HzLED^"/r7 0 2^m^-ti. le 

LED^«y7-7 0 2*iSiS$ixyt:^JIiS:K7 0 3±.I,Z% 

ta^-ttl., ^3 L.TIl^$ix/iLEDf--yr(i. T^U 
/i^^mm. 7 0 4 iOffifflllx.-K ^'ffilg'Sr t't-H^ S tl 
i>. m%m 0 Acr)-1j<r>iMl.i.z\i, mM]±<r)fz 

^m^t^xhh, nmiiZ. m.m.(mmm^m'^LE 
D^-yrmm^ixx\^ts:^^m^i.i,zi,miUPii o 5 

S:igtt^^^*^|6l±$-»*:-C35l., Mzi.'O. LCD 

Ei: ixmrni^-^ii. mm.7 0 4 io±ffi±tc^^ 

[00 57] 

immmi ) ^Sl^tLT^t-^*^'4 5 0nm. 
*<il|i 3 0 n m£7) I n G a N^^fitc&^^ltZffll^fc. 
LEDf--y7-{4, SfeJf $-<i:7t:-9-7 r TSiiitcTMG 



T^^tmzT^iL. MocvDrnx-mm^it-^mm 
mm^^-^iztizxm^^^tz, mmz. h- 

J-^yh/f^tlXSiH.tCpzUsb. i<!)^i^ll 

^A^mm^^^h. ^mi^m.m^b lxh. n 
mmmm^tm'itifv ^M,^mi¥x%h^y^^ h 

:^^M\)if.xhh^y'^yvm-km^'^'tfz. NS^m 

Ji h (m,zmih 3 n m-C'S> •) , m-fi^#F^SJt i: $ 

mmA^o'QXd±xr^-}v%'txhh, ) 

[0 0 58] X7^y^^:J;0PN#^ii2g(*:^ffl^liai 
^^tdik. 7.)-^ -y ^ y ynzX 0 #mffi&^iimffM 

t T L E D f - y r ^ffMS -tt/i , 

[ 0 0 5 9 ] -y ^ t/::IMS^ y - K 7 v-Kdy^trnz 

ii yy^-^th-^^yy ■ ';-Kt;:LED^ yrs:x;jf 

^ i^fflBIT'^-f jKyr -f y . L E D >y ro^lt 

^tvm.t^ 3 0 mo^nt-y^ -\'-;KyT -f y^ 

[0060]-:^. 7=1- wi^$^^-feyx^7t#:(i. y. 
G d . C e iO^dJSTClgS-fli^fiiSrJfCigtC^W L^cJi 

I.. CiT.lI77-y^Xt L-C7-y-fbry^X'!7A2:?I-^ 
l.-CttftSl3iSa6, 14 0 0- COaSt'3B§rBlM 

?5t#. ^m. mmm^m.x.xm^'^'ttz, 

Y)V^^-^yxm^\i. Y -y hU-^A) *iGd 

;l.5-'>Ai?'fl:t|i:L-C (Yo.jGdj.z) sAlsOu : 
Ce^mSix/^. =5rfe. CQffyWmi. 0. 0 3-C$> 

[006 1 ] J^JjJcSa^C (Yo.aGdo.z) 3A I5O12 : 
Ce^5te*8 01fctSfi, X;j}fdfi^ffl||gl0 0aftg|5$rJ: 

<n-^LXXy^)-}:.^^tz. :i<r>Xy^)-i\^ET)^ 
•yrmm^ilfz'7'^ y h • U - Yl-ff):^ -y rp^\,z\ix 

^"^fz, aAft. y t Y)V^^^^y:^mtm'^^^^ti 

fzmm 1 3 or 1 i^ratm^ -tt-^^:, c ^ u-c l e d 

f--y7-±{;;i$ 1 2 0;uc7)7^ h;Pi^^-feyX^^*3!)< 
-^qr§it/::=i-r^y^?'a5*^'JB^$ii^^. ^-r 
^ y/IPiC{4, LEDf- yriC|*]*^-:)t7* h/US^^-fe 
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Af^. 1 5 ox:5mmizxm^t^-tfz. ; o txm^^ 

[ 0 0 6 2 ] i d LTtl^>il/^efe^*^IBt^flg^^ 

^il^'fl. feiS^ (x = 0. 302, y = 0. 28 
0) , -fejajSSOSOK. Ra (?lfe14m) =8 7. 

M®ltL-C?ajg2 5°C6 0mA3i1t, ?a^2 5°C2 0m 
A3im. ?aJl6 0*"C9 0%RHTT'2 0mAM«c7)^^ 

Wfe^^r^ H i: ^^ttcii*^^ V ^.r t mux- 
[0 0 63] iimmi) y^hfi-ii^^-tyxm^i^i 

(Yo.8Gdo.2) 3A UOiz : Ce*^^ (ZnCd) 

s : c u , A 1 i: itcmHi. mmi tmmiztx^ 

\>^Xli. l!;l0 0ii§^Tm:>];()i-fe'nt;>5r-5fc. 

[0064] ztnt. ^^mT(r>m±tmytmznm 
IX V ^fzmh h V ^(±i'ha5^ii*-^>3tA l^ctk^^i j; o 

mifi^mz^ Ltzi^cot^t i^til . 2 5 'C 2 

OihAJill, ?ajg6 0'C9 0%RHTt'2 0mAji«<7) 

mm 1 TS) 0 aGiiJ&iftiiS^j 1 ^s^t . 
[0065] {mm\2 ) \^EY>i-^yr<r>mt'mit-^ 
'i^^^mw^mm i i o 1 1 n<7)^^uit^L^3^h- 

-:7$r4 6 0 nmi: L-/L% [5l«lC7 * h/PS ^^-fey^?.^ 

fC*»J 1 J; 0 i G d^O^^tft SrJi^ t ( Y 
o.sGdo.,) 3A I5O12 : CQbLfZ^m^immit 

nmz Lxmty^ ^- h ?: i o om^Lmmm: 

'^->tz. 

[ 0 0 6 6 ] <! 3 LX%htitz^^lki:i<m:'^m:m, 

y>f^-Kc7)feg^, sag, Tm'&^m'm.htz, 

^fl^'tl. -feJS^ (x = 0. 375. y = 0. 37 
0) , fe?a]g44 0 0K, Ra m-&&m.) =8 6. 

o-cfc-p/c, ^t:>\.zm^mLf<z^\^x\>i. m^^'^fz^ 
3ter>f jf-H 1 0 om^m-'^-ytz, m^mm<^m. 



$-ioo%i:Lioo omwiimm^zmh^i^m.^ 
m^tz , m-^^m 1 9 8 . 8 %-e$> o ^mzm^m^^^ 

zttimiX'^tz. Z(7)mtm<r>y:!rhJUS.^^'vby:^ 

^^hlU^:.miO {A) . (B). iC) iZ^tim 

[0067] (HJfi^lJB) 7:J-h;l'5^>-by;^^3K«JS: 
Y, Gd, Ce<7)^±mjiMI>ZMlSmi'^^^^ (Y 

0. 39 G do. 57 C e 0, 03 SiMo. 01 

tzmHi. mmm 1 1 wim^z lx m^y^ ^i-- h ^ i o 
izi3\.^xm7^-^x h mm i c^m^y^ ^-vtm 
[0068] ( mmm 4 ) *fii%B^c^^7t/^ ^- k ^ 

[1 5c7)r i: < L E D^^^HtfO 1 -OX'h^T < xrV-^ 

mm Ltz, mmm 1 1 nm\,z Lxm^^^tzwty^ ^ 

-¥m^^:^-yimiS.^^fz'tyi-y9xmw±iz. 
i6xi6<7)-?hu-y^xmzRm^'^fz. mut^it 
Yt\imf^yym^m.m^^x^\yyim 
^rffo/c, mzyxj-)vmm>.zi.^xm^^fifzmw 

5 0A\^mzwm.Lm^^^fz. m:m505\t. m 

i:r>xytm^itfz> ^com. 7 2B§iBifv";3y" 

RAM (Random, Access, Memory) 
St/RAMt::ieit$^il.T-;?*>^)ll3Kr'f jT- KtrHff 

mmmntv§mmmmmii!,ijm^x'x-^ y^-yy^tL 

p ucoiBii^si: , t:mfmmm^^x L E 

m&b Lxmmx'^ ^zt uz. 
[0069] ( mmm 5 ) mmm 5 <DWty^ h 

ti, yifViv^A-^yxm^tLx-m. (Y0.2G 
do.g) 3A 150,2 : ceX'm.^^x^1^m^im\^tzi^^. 
mi. mmm 1 i: wm^z Lxwt-f^ i^-v^ioom 
m^^^fz. z 0 ixnhtifz^^y^ t~ Ycr)m.i^. 

(¥l^ffl) {4 (x = 0. 4 5 0, y = 0. A20)X'h 

^^^im,-th:itti^x'%tz, ttz. mmm5ffm 
t- m , mmm 1 c^^^r^ it-Yt^mLx 
nm^mAo%^<i)-^^tz, L*^t, »1^M^tciDl^•c 
(4iit£f?ij 1 h mk^zmitzmm.i^- ix\^fz. z<7ym 

mm<r>y 4- 5 ;^ «y -fe l e d ^ •/ t-SV^ 
^^'f jf-Hi0^^3i5;?.'<^h/l^Sr, HI 1 (A) , 
(B), iC) lZ^tl^'hMlX\^^, 

[0070] (mmme) mmm6(7)m:r^:^-Y 

«, 7=rh;i^5^^-fey;?.m7tft^U'C-«l^Y3Ai50 
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mmizLxm:y^^-vi: loom^^^r^i, mm 

1112(A). (B). {C)\,Z7hlX^^h, 

[0071 ] ( %m\ 7 ) mm i mstfA ^j-- k 
\i. vtyiv^i{^^vxmt^hLx-myi (ai 
o.sGao.s) 5O12 : c &xmixhmtmWi^-^fz\:x 
^m. mmm 1 1 m^z x^xwt^A ^r- k ^ 1 0 01 

xm mmm^ ^r^. it^i. m^mmzh v ^x am 
mmi tmmmtifzmmiti:^^Lx^^ti, zcommm 

(A) , (B) , (C) ^:^^tTV^|,. 

coo 7 2] {mims)mmm&m.^y^:^-¥ 

\t. y irY)V^A^-<zyxmMi^hLX-m^Gdi (A 
lo.sGao.s) 5O12 : C eT'^$ill.YS:-i-S^V^^ 

%mm^tzm\i. mmmitnm\.zixwt^^:^ 

- H$- 1 0 Offlm$-tl-7t. HlfiWSiO^I^^^ Tl-- K 

mvtzmmm:7r^Lx\,^ti, 

[0073] ( mtm\ 9 ) mmm 9 <7m%y^ y 

ti. ytYii'^^^'y^yxm.m^b t-C-^5tY3 I n3 

O12 : CQX-m^fihA 1 ^'tt^j:\mm'^m\'^fz\:x 

mm 1 1 nmz txm^y^ ?!■- h ^ 1 0 
m^^'^fz. mmm9(r>mi'fA^-Y^i. mm^m'^ 
m^mmzi6\^xmm 1 1 mkmufzm'miiTr^ 

LX^^^tz. 
[00 74] 

h'J'>A • T)U$.-^l. ■ A'-A^'v bi^^jfeft^ (RE 
,.,Sm,) 3 (A lyGai.y) 60i2 : C ^im/fi^^yi- 

-^h^hzt^zi: ^m^nm(r>^mzi5\^xi,% 

mm7r:mizmmb ixmtz^j:mmm<zbi)n'^ 

imww.zm\^i^fthv^yiv^^^'^vx!ik. 

feSrSfetcLT, A^<7)g-c'^ii#[a^ig-ri,Ji^t{4$ij 

t\^-iX^^hhM.n.<r>x^9 Y)\^^^^tz^m^'<&.if 



]hS^xi^^^-m<n%W£>£>Lth:L>Li^x:%h, 
[ 0 0 7 5 ] . *fi^^Bj<?)is«JS tcia« 
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